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Novel 2-hydroxy-6-phenylphenanthridinos 

* 

Field of application of the invention 

The invention relates to npvel 2^ydroxy-6-phenyiphenanthridines f which are used in the pharmaceuti- . 
cal industry for the production of pharmaceutical compositions. 

Known technical background 

The international applications WO 97/28131 USP 6,191 ,138), WO 97/35854 (= USP 6.127,378), 
WO 99/05113 (= USP 6,121,279), WO99/05111 (= USP 6,410,551), Wp 00/4201B, WO 00/42020, 
WO 02/05616 and WO 02/06238 describe 6-phenylphenenthridlnes as PDE4 inhibitors. 

Description of the Invention 



It has now been found that the novel 2-hydroxy-6-phenylphenanthridines described in greater detail be- 
low differ from the previously known 6-phenylphenanthrldines by unanticipated and sophisticated struc- 
tural alterations and have surprising and particularly advantageous properties. 

The invention thus relates to compounds of the formula 1, 




in which 

R1 Is hydroxyl, 1-4C-alkoxy, S^C-cycloaikoxy, 3-7C-cycIoalkyimethoxy or completely or predomi- 
nantly fluorine-substituted 1«4C-alkoxy, 



EfflPfansszei t 29. Aug. 10:05 



S.HUb.ZWkJZ 105 14 RLIHNH rMHKI'IH Hto riK.^s 



1121EP0RDQ1 08021 



R2 is hydroxy!, 1-4C-alkoxy, 3-7C-cycloalkoxy, 3-7C-cyc|oalkylmethoxy or completely or predomi- 
nantly fluorine-substituted. 1-4C-aIkoxy, 
or in which 

R1 and R2 together are a 1-2C-alkylenedioxy group, 
R3 is hydrogen or l-4C-alkyl, . t 

R31 is hydrogen or 1-4C-aIkyl. 
: R4 is hydrogen, 1-4C-aikyl. completely or predominantly fluorine-substituted 1-4C-alkyl, 1-4C-alkoxy- 
1-4C-alkyl, hydroxy-2-4-aikyl or l-7C-alkylcarhonyl, 
R5 \ is hydrogen or 1-4C-alkyl, 

R6 ishydrogsn, i-4C-alkyl.trifluoromethyl, 1-4C-alkoxy, completely or predominantly fluorine-substi- 
tuted 1-4C-atkoxy, 3-7C-cycloalkoxy, 3-7C-cycioalkylmethoxy, halogen, nitro, cyano, hydroxyl. 
1 -4C-a|kytcarbony!oxy. amino, mono- or dM -40-alkylamino, phenyl, phenyl-1 -4C-alkyi, 1 -4C-alk- 
ylcarbonylamlno or C{0)OR61 , wherein 

R61 is hydrogen, 1 -7C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyl, 

R7 is hydrogen, 1 -4C-alkyl. hydroxy^ halogen, 1-40-alkoxy, completely or predominantly fluorine- 
substituted 1-4C-alkoxy, 3-7C-cycloalkoxy, 3-7C-cycloalkylmethoxy or C(0)OR61 , 
and the salts, the N-oxIdes and the salts of the N-oxides of these compounds. 

1-4C-Alkyl represents a straight-chain or branched alkyl radical having 1 to 4 carbon atoms. Examples 
which may be mentioned are the butyl, isobutyl, sec-butyl, tert-butyl, propyl, Isopropyl and preferably the 
ethyl and methyl radicals. 

• 1-7C-/Mkyi represents a straight-chain or branched alkyl radical having 1 to 7 carbon atoms. Examples 
which may be mentioned are the heptyl, isoheptyl (5-methylhexyl), hexyl, isohexyl (4-rnethyIpentyl), neo- 
hexyl (3,3-dimethylbutyl), pentyl, Isopantyl (3-methylbutyl), neopentyl (2.2-dimethylpropyl), butyl, isobu- 
tyl, sec-butyl, tert-butyl, propyl, isopropyl, ethyl or methyl radicals. 

1-4C-Alkoxy represents radicals which, in addition to the oxygen atom, contain a straight-chain or bran- 
ched alkyl radical having 1 to 4 carbon atoms. Examples which may be mentioned are the butoxy, iso- 
butoxy, seo-butoxy, tert-butoxy, propoxy, Isopropoxy and preferably the ethoxy and methoxy radicals. 

3-7C-Cydoalkoxy represents cyclopropyloxy, cyclobutyloxy, cyclopentyloxy, cyclohexyloxy and cydo- 
heptyloxy, of which cyclopropyloxy. cyclobutyloxy and cyclopentyloxy are preferred. 

3-7C-Cycloalkylmethoxy represents cyclopropylmethoxy, cyclobutylmethoxy, cyclopentylmethoxy, cyclo- 
hexyimethoxy and cycloheptytmethoxy, of which cyclopropylmethoxy, cyclobutylmethoxy and cyclopen- 
tylmethoxy are preferred. 



Enpfansszeit 29. Aug. 10:05 



1121EPORD01 08021 



HLTRNfl PHRRMA RG 



NR. 299 S. 10/46 



-3- 



As completely or predominantly fluorfnevsubstltuted 1-4C-alkoxy, for example, the 2,2,3,3,3-pentafluoro- 
propoxy. the perfluoroethoxy. the 1,2,2-Wfluordethoxy, in particular the 1,li2,24etrafluoroethoxy, the 
2,2,2*ffluoroethoxy t the trifluoromethoxy and preferably the d'rfluorornethoxy radicals may be mentio- 
ned. "Predominantly in this connection means that more than half of the hydrogen atoms of the1-4C- 
aikoxy radicals are replaced by fluorine atoms. 

As completely or predominantly fluorine-substituted 1-4C-all<yl. for example, the 2,2,3,3,3hpentafJuoro- 
propyl. the perfluoroethyl, the 1^,2-trifiuoroethyl, In particular the 1,1,2^-tetrafluoroethyl. the 2,2,2-tri- 
fluoroethyl, the trifluoromethyl and preferably the difluoramethyl radicals may be mentioned. "Predomi- 
nantly* in this connection means that more than half of the hydrogen atoms of the 1-4c-alkyl radicals 
are replaced by fluorine atoms. 

1-2C-Alkylenedioxy represents, for example, the methylenedloxy [-0-CH r O-] and the elhylenedioxy 
[-O-CH2-CH2-0-] radicals. 

» 

1-4C-AIKoxy-l-4C-alkyi represents one of the abovementioned 1-4C-alkyi radicals, which fe substituted 
by one of the abovementioned 1-4C-alkoxy radicals. Examples which may be mentioned are the meth- 
oxymethyl. the methoxyethyl and the isopropoxyethyl radicals. 

1-4C-A!ky!carbonyI represents a radical which, in addition to the carbonyl group, contains one of the 
abovementioned 1-4C-alkyl radicals. An example which may be mentioned is the acetyl radical. 

1-7C-Alky|carbonyl represents a radical which, in addition to the carbonyl group, contains one of the 
abovementioned 1~7G-alkyl radicals. Examples which may be mentioned are the acetyl, propionyl, bu- 
tanoyl and hexanoyl radicals. 

Hydroxy-2-4C-aIkyt represents 2-4C-alkyl radicals, which are substituted by a hydroxyl group. Examples 
which may be mentioned are the 2-hydroxyethyl and the 3-hydroxypropyl radicals. 

In addition to the nitrogen atom, mono- or di-i-4C-alkyIamino radicals contain one. or two of the above- 
mentioned 1-4C-alkyl radicals. Di-1-4C-alky!amino is preferred and here, in particular, dimethyl-, diethyl- 
or diisopropylamino. 

Halogen within the meaning of the invention is bromine, chlorine or fluorine. 
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3-7C-Cydoa!kyl represents cyoloprbpyl. cydobutyl, cydopentyl, cydohexyl and cycloheptyl, of which 
cyclopropyf, cydobutyl and cydopentyl are i preferred. 

3- 7C~Cydoalkylmethyl represents a methyl, radical which is substituted by one of the abovementloned 
3~7C-cydoalkyl radicate. Preferably, the 3^C-cycloaikylmethyr radical's c^opropylmethyl, cydobutyl- 
methyl end cydopehtylmethyl may be mentioned, 

: Phenyl-1-4fc-alkyl represents one of the abovemenfioned, ph^iyl-substltuted 1-4C-alkyl rad^rals. Ex- 
amples which may be mentioned are the phehethyl and the benzyl radicals. ; • o 

1- 4C-Alkylcarbonyloxy represents a carbonyloxy group to which one of the abovementloned 1-4C-alkyl 
radicals is bonded. An example which may be mentioned is the acetoxy radical [CHaC(0)-0-]. 

-|-4C-Alkylcarbonylamino represents an amino radical which Is substituted by one of the abovemen- 
tloned 1-4C-alkylcarbonyl radicals. An example which may be mentioned is the acetamido radical 
[CH 3 C(0)-NH-]. 

Exemplary phenyl radicals substituted by R6 and R7 which may be mentioned are the radicals 4-acet- 
amidophenyl, 3-acetamidophenyl, 4-acetoxyphenyl, 3-amlnophenyl, 4-aminophenyl, 2-bromophenyl. 

4- bromophenyl. 2-chlorophenyl, 3-chlorophenyl, 4-chtorophenyl* 3-bromophenyl, 2,3-dichlorophenyi, 
2,4-dichlorophenyl, 2-chloro-4~nltrophenyl, 4-diethylamino-2-methylphenyl f 4-methoxyphenyI, 3-meth- 

* oxyphenyl, 2-chloro-5-hitrophenyl t 4-chIoro-3-nitrophenyl f 2,6-dichlorophenyl, 3,5-dichlorophenyl, 2,5^di- 
chlorophenyl, 2,6-dibromophenyl, 2-cyanophenyl, 3-cyanophenyi, 4-cyanophenyl, 4-dI-ethylamlnophen- 
yl, 4Hjimethylamlnbphenyl l 2-fIuorophenyl f 4-fluorophenyl, 3-fluorophenyl, 2,4-dlfluoropheriyl f 2,6-difluo- 
rophenyl, 2-chloro-6-fJuorophenyl, 2-fluoro-5-nltrophenyl l 2-hydroxyphenyl. 3-hydraxyphenyl, 3.4-dichlo- 
rophenyl, 4-hydroxyphenyl, 4-hydroxy-3-methoxyphenyl t 2-hydroxy-4-methoxyphenyl f 2,4-dihydroxy-? 
phenyl, 2-methoxyphenyl. 2,3-dlmethoxyphenyl, 3,4-dimethoxyphenyI, 2,4-dimethoxyphenyI. 3-dimeth- 
ylamlnophenyK 2-dImethytaminophenyl. 2-methy!phenyK 3-methylphenyl, 4-methylpheny], 2-chloro-6- 
methylphenyl, 4-methyl-3-nltrophenyl l 2,4-dimethylphenyl, 2,6-dimethylphenyI, 2,3-dimethylphenyl, 2-ni- 
trophenyl, 3-nitrophenyl, 4-nitrophenyl, 4-ethoxyphenyl, 2-trif|uoromethylphenyl f 4-trifluoromethy!phenyl, 

3- trifluoromethylphenyl, 4-benzylphenyl, 4-biphenyl, 4-trlfluoromethoxyphenyl. 3-trlfluoromethoxyphenyl, 

2- trifluoromethoxyphenyl, 3-oydopentyloxyphenyt, 4~cydopBntyloxypheny!. 4^yclohexyloxyphenyl. 3-cy- 
clohexyloxyphenyl. 3-cyclopropylmethoxyphenyl, 4-cydopropylmethoxyphenyl, 3-cyolopropyimethoxy-4- 
methoxyphenyl, 3-cydoprapytmethoxy-4-dlfluoromettioxyphenyl. 3^yclopropylmemoxy«4-ethoxyphenyl, 

4- cydopropylmethoxy-3-methoxyphenyl f 3-cydopropylmethoxy-S-methoxyphenyl, bls-3 t 4-cyclopropyl- 
methoxyphenyk bis-3 t 5-cydopropylmethoxyphenyl f 3,4-dicydopentyIoxyphenyl, 3<yclopentyloxy-4- 
methoxyphenyl, 4-cydopentyloxy-3-methoxyphenyl, 3Kvdopropylmethoxy-4-cydopentyloxyphenyl, 
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3-cydopentytoxy^methoxyphenyl, ^ydopropylmethoxy-S-cyclopentyloxyphenyl, 3-cyc|obutyloxy-4- 
methoxyphenyl, 3n:ycloprop^m©thoxy^c©tylamfnophenyl, 4-carboxyphenyl, 4-^ethoxycarbonylphen- 
yl, 4-ethoxycarbonylphenyl, 4-isopropoxycaifconylphenyl, 3-carboxyphenyI. 3-methoxycarbonyIphenyl. 
3^thoxycartoonylphenyl. 3-lsopropoxycarbqnyJphenyl t 4-methoxycarbonyl^-meth^phenyl, 3-chloro-4- 
metooxycarbonylphenyl, 3-bromcM^ethoxycarbonyIphenyL 3-fluoro^memoxycarbonylphenyl, 3-hy- 
drpxy-4-fnethoxycarbonylphenyl, 2-ch!oro-4^neyioxycarbonyIphenyl f 2«bromo-4-methoxycarbonyl- 
phenyl. 2-fluoro-4-methoxyoarbonylphenyi, 2-metho^-4-methaxycarbony[phenyl, 4-methoxycarbonyi-2- 
methylcarbonylphenyl. ^fluoro-a-metooxycarbqnylphenyl, 4-elhQxy^roethoxycaVBonylphenyl. 
oxy«^ethoxycarbony|phenyl f 4-isopropox^^ethoxycartioh^phenyl. 3-mettibxyrarbQnyI-4-methyl- 
phenyl, 5-tert-butyl-3-methoxycarbonyIphenyl, S-methoxycarbonyl^methylphenyl, 3-bromo^5-methoxy. 
carbonylphenyl, 3-chIoro-5-methoxycarbonylphenyI, 3-methoxy^5-methoxycarbonyiphenyl, 3-acetoxy-4- 
methoxycarbonylphenyl, ^ethoxycarbonyl^-nltrophenyf, 4-methoxycai*onyl-2-phenylphBnyl, 2-cya- 
no-4-methoxycarbonylphenyl, 4-acetoxy^-methoxycarbonylphenyl, 3-methoxycarbonyl-4-nitrophenyl, 
3-methoxycarbonyl-5-phenylphenyt, 5-cyano-3-methoxycarbonyIphenyl or 5*methoxycarbonyl-3-nitro- 
phenyl. 

Possible salts for compounds of the formula I -depending on substitution- are all acid addition salts or 
all salts with bases. Particular mention may be made of the pharmacologically tolerable salts of the In- 
organic and organic acids and bases customarily used In pharmacy, Those suitable are, on the one 
hand, water-soluble and water-Insoluble acid addition salts with acids such as. for example, hydrochlo- 
ric acid, hydrobromic acid, phosphoric add, nitric acid, sulfurio acid, acetic acid, citric acid, D-gluconio 
acid, benzoic acid, 2-(4-hydroxybenzoyI)benzolc acid, butyric acid, sulfosalioylic acid, malelc acid, laurlc 
acid, malic acid, fumaric acid, succinic acid, oxalic acid, tartaric acid, embonic acid, stearic acid, tolue- 
nesulfonic add, methanesulfonic acid or 3-hydroxy-2-naphtholc acid, ft being possible to employ the 
acids in salt preparation - depending on whether a mono- or polybasic acid is concerned and depending 
on which salt is desired - in an equlmolar quantitative ratio or one differing therefrom. 

On the other hand, salts with bases are also suitable. Examples of salts with bases which may be men- 
tioned are alkali metal (lithium, sodium, potassium) or calcium, aluminum, magnesium, titanium, ammo- 
nium, meglumine or guanldinium salts, where here too the bases are employed in salt preparation in an 
equlmolar quantitative ratio or one differing therefrom. 

Pharmacologically intolerable salts which can Initially be obtained, for example, as process products In 
the preparation of the compounds according to the Invention on an Industrial scale are converted Into 
pharmacologically tolerable salts by processes known to the parson skilled In the art. 
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It i3 known to the person a Wiled in the art that the compounds according to the Invention and their salts, 
when they are Isolated, for example. In crystalline form, can contain various amounts of solvents. The 
Invention therefore also comprises all solvates and in particular ail hydrates of the compounds of the 
formula I. and also all solvates and in particular all hydrates of the salts of the compounds of the for- 
mula I. • 

. .. - 
Compounds of the formula I to be emphasized are those in which 

R1 is 1-2C-alkoxy. 3-SC-cycloalkoxy. 3^C-cycipaJkylmethoxy or completely or predominantly fluo- 
rine-subsUtuted 1-2C-alkoxy, 

R2 Is 1-2C-alkoxy, 3-SC-cycloalkoxy, 3-6C-cycloafkylmethoxy or completely or predominantly fluo- 
rine-substituted 1-2C-alkoxy, 

R3 is hydrogen, 

R31 is hydrogen, 

R4 is hydrogen, -MC-alky!. completely or predominantly fluorine-substituted 1-2C-alkyl. 1-2C-alkoxy- 

1-2C-alkyl. 2-hydroxyethyl or 1-7C-alkylcarbonyl, 
R5 is hydrogen, 

R6 is hydrogen, l-4C-alkyl, l-4C-alkoxy. completely or predominantly fluorine-substituted 

1-2C-alkoxy, 3-7C-oycloalkoxy, 3-7<>cydoalkylmethoxy, halogen, nitro. amino, mono- ordi-1-40 
alkylamlno, 1-4C-alkylcarbonylamino or C(0)OR61, wherein 

R61 is hydrogen. l-4C-alkyl,3-5C-cydoalkyl or 3-5C-cycloalkylmethyl, 

R7 is hydrogen, 1-4C-alkyl, halogen, 1-4C-alkoxy. completely or predominantly fluorine-substituted 

1-2C-alkoxy. 3-7C-cycloalkoxy or 3-7C-cyoloalkylmethoxy, 
and the salts, the N-oxides and the salts of the N-oxides of these compounds. 

Compounds of the formula I to be particularly emphasized are those in which 
R1 Is 1-2C-alkoxy, 
R2 is 1-2C-alkoxy. 
R3 is hydrogen, 
R31 Is hydrogen, 

R4 is hydrogen. 1-4C-alkyl, 1-2C-alkoxy-1-2C-alkyl or 1-7C-alkylcarbonyl, 
RS is hydrogen, 

R6 is 1-4C-alkoxy. 3-7C-cycloalkylmethoxy. nitro. mono, or di-1-4C-alkylamlno or C(0)OR61 . where 
R61 is hydrogen or 1-4C-alkyl. 

R7 is hydrogen, 1 -4C-alkoxy or 3-7C-cycloalkylmethoxy. 

and the salts, the N-oxldes and the salts of the N-oxides of these compounds. 
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Preferred compounds of the formula I are those in which 
R1 is t-2C-alkoxy t 

R2 la 1-2C-alkqxfc * 9 
/ R3 is hydrogen, 
R31 is hydrogen, 

R4 is hydrogen or 1-4C-alkylcarbonyK 
R5 is hydrogen, 

R6 Is 1-4Q-alkqxy, 3-7C>^yclpalk^methq)7, nitro, mono- or di-1-4C-alKyiamino or C(0)OR61, 

. . wherein - " 

R61 is hydrogen or 1-4C-alkyl, 

R7 is hydrogen, 1 -4C-alkoxy or 3-7C-cycioaIkylmethoxy, 

and the salts, the N-oxtdes and the salts of the N-oxides of these compounds. . 

Particularly preferred compounds of the formula I are those in which 
R1 is methoxy, 

R2 is methoxy, ; 
R3 is hydrogen, 
R31 is hydrogen, 
v R4 is hydrogen or acetyl, 
R5 is hydrogen, 

R$ is methoxy, cyclopropylmethoxy, nitro, dlmethylamlno or C(0)0R61 , wherein 

R61 is hydrogen or methyl, 

R7 is hydrogen, methoxy or cyclopropylmethoxy, 

and the salts, the N-oxides and the salts of the N-oxides of these compounds. 

A special embodiment of the compounds of the present invention include those compounds of the for- 
mula I In which R1 and R2 are 1-20alkoxy. 

A further special embodiment of the compounds of the present invention Include those compounds of 
the formula I in which R1 end R2 are 1-2C-a1koxy and R3. R31 and R5 are hydrogen. 

The compounds of the formula I are chlral compounds having chlral centers at least in positions 2, 4a 
and 10b and, depending on the meaning of the substituents R3, R31 and R5, further chiral centers In 
the positions 1 , 3 and 4. 
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Numbering: 
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The invention therefore comprises all conceivable stereoisomers in pure form as well as In any mixing 
ratio.. 

Preferred compounds of the formula I are those in which the hydrogen atoms in positions 4a and 1 0b 
are in the cis position relative to one another. The pure cis diastereomers, the plire cis enantiomers and 
' their mixtures in any mbdng ratio and including the racemates are more prefaced in this context Parti- 
culariy preferred in this connection are those compounds of the formula I which have, with respect to 
the positions 4a and 10b. the same configuration as shown in the formula !*: 




If, for example in compounds of the formula I* R3, R31 and R5 have the meaning hydrogen, then the 
configuration - according the rules of Cahn. Ingold and Prelog — Is R in the position 4a and R in the 
position 10b. 

Further preferred compounds of the formula I are those which have, with respect to the positions 2, 4a 
and 10b. the same configuration as shown in the formulae I** and I*** and r**: 



• i A A I • 1 A . AC 
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If, for Bxampis in compounds of the formula P* R3, R31 and R5 have the meaning hydrogen, then the 
configuration - according the rules of Cahn, ingold and Prelog - is S m the position 2, R In the position 
4a and R in the position 1 0b. 

If, for example in compounds of the formula P~ R3, R31 and R5 have the meaning hydrogen, then the 
configuration - according the rules of Cahn, Ingold and Prelog - Is R in the position 2, S in the position 
4a and S In the position 10b. 

If, for example in compounds of the formula r~ R3, R3.1 and R5 have the meaning hydrogen, then the 
configuration - according the rules of Cahn, Ingold and Prelog - Is S in the position 2, S in the position 
4a and S In the position 10b. 

Most preferred compounds of the formula I are those which have, with respect to the positions 2, 4a 
and 10b, the same configuration as shown In the formula I*"**: 




R7 



If, for example in compounds of the formula I***** R3, R31 and R5 have the meaning hydrogen, then 
the configuration - according the rules of Cahn, Ingold and Prelog - is R in the position 2, R In the posi- 
tion 4a and R in the position 10b. 
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As stated above all other possible stereoisomers of compounds of the formula I are also part of this 
invention. 

The enantlomsrs can be separated in a manner known per se (for example by preparation and separa- 
tion of appropriate diastereoisomeric compounds). For example, an enantibmer separation can be car- 
ried out at the stage of The starting compounds of the formula IVa jn which R1 f R2 t R3, R3*1 and R5 
have the meanings indicated above and PG represents a suitable protecting group, for example acetyl. 
. Further suitable protecting groups are mentioned, for example, in "Protective Groups in Organic Syn- 
thesis 11 by T. Greene and P. Wuts (John Wiley & Sons, Inc. 1999, 3* Ed.) or in "Protecting Groups 
(Thieme Foundations Organic Chemistry Series N Group- by P. Koclenski (Thieme Medical Publishers, 
2000). Alternatively, an enatiomer separation can be also carried out at the stage of the starting com- 
pounds of the formula IVb, in which R1 ■ R2, R3 f R31 , R4 and R5 have the meanings indicated above. 




Separation of the enantiomers can be carried out, for example, by means of salt formation of the race* 
mlc compounds of the formulae IVa or IVb with optically active carboxylic adds, subsequent resolution 
of the salts and release of the desired compound from the salt Examples of optically active carboxylic 
acids which may be mentioned in this connection are the enantiomeric forms of mandellc acid, tartario 
acid, 0,0-dibenzoyltartaiic acid, camphoric acid, quinio acid, glutarnio acid, malic acid, camphorsulfb- 
nlc acid. 3-bromocamphorsuIfonic acid, a-methoxyphenylacetic add. a-methoxy-a-trlfluoromethylphen- 
ylacetlc acid and 2-phenylpropionic acid. Alternatively, enantiomerically pure starting compounds of the 
formulae IVa or IVb can be prepared via asymmetric syntheses. Enantiomerically pure starting com- 
pounds as well as enantiomerically pure compounds of the formula I can be also obtained by chroma- 
tographic separation on chiral separating columns; by derlvatlzatlon with chiral auxiliary reagents, sub- 
sequent diastereomer separation and removal of the chiral auxiliary group; or by (fractional) crystalliza- 
tion from a suitable solvent. 

The compounds according to the invention can be prepared, for example, as shown in the following 
reaction schemes. 
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Acoording to reaction scheme 1 below, compounds of the formula I can be obtained via different, routes. 
One the one hand compounds of the formula I can be accessible via synthesis route A, which is out- 
lined in the left column of reaction schema 1 , using a temporary protective group to protect the hydroxy! 
group. One the other hand compounds of the formula I can be also obtained via synthesis route B, 
which is outlined in the right column ofreaction scheme 1, by introducing the group R4 already in the 
initial step of synthesis route B. 
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Abovementloned synthesis route A comprise the subsequently specified reaction steps: In the first reac- 
tion step, the free hydroxyl group of compounds of the formula VI, wherein R1 , R2, R3, R31 and R5 
have the meanings indicated above, is protected by a suitable protective group^ for example acetyl or 
one of those mentioned in "Protective Groups in Organic Synthesis" by T. Greene and P. Wuts (John 
Wiley & Sons, inc. 1 999, 3* Ed.) or in "Protecting Groups (Thieme Foundations Organic Chemistry Se- 
* ries N Group" by P. Kocienskl (Thieme Medical Publishers, 2000). Said protection reaction is carried 
out in a manner fanjiliar to the person skilled in the art or as. described in the following examples to ob- 
tain compounds of jthe formula Va, in which R1, R2, R3, R31 and R5 have the meaning mentioned 
above and PG represents said suitable protective group. 

In the next reaction step of synthesis route A, the nitro group of compounds of the formula Va, in which 
R1 f R2 f R3, R31 and R5 have the abovementloned meanings and PG represents said suitable protec- 
tive group, is reduced to the amino group of the corresponding compounds of the formula IVa. The said 
reduction Is carried out In a manner known to the person skilled in the art, for example as described In 
J. Org. Chem, 1962, 27, 4426 or as described in the following examples/In more detail, the reduction 
ran be carried out, for example, by catalytic hydrogenation, e.g. in the presence of Raney nickel or a 

• noble metal catalyst such as palladium on active carbon, in a suitable solvent such as methanol or 
* ethanol at room temperature and under normal or elevated pressure. Optionally, a catalytic amount of 
an acid, such as, for example, hydrochloric acid, can be added to the solvent. Preferably, however, the 
reduction Is carried out using a hydrogen-producing mixture, for example, metals such as zinc, zinc- 
copper couple or iron with organic acids such as acetic acid or mineral acids such as hydrochloric acid. 
Most preferably, the reduction is carried out using a zino-copper couple in the presence of an organio or 
an Inorganic acid. Such a zinc-copper couple is accessible in a way known to the person of ordinary 
skill in the art Compounds of the formula IVa, In which R1 ( R2, R3, R31 , R5 and PG have the mean- 

- ings indicated above and which are sensitive against catalytic hydrogenation, can be prepared from the 
corresponding compounds of the formula Va by selective reduction of the nitro group in a manner 
known to the person skilled in the art, for example by hydrogen transfer reaction in the presence of a 
metal catalyst, for example palladium or, preferably, Raney nickel, In a lower alcohol as solvent using, 
for example, ammonium formiate or, preferably, hydrazine hydrate as hydrogen donor. 

Compounds of the formula lla. in which R1, R2, R3, R31, R5. R6 and R7 have the meanings indicated 
above and PG represents said protective group, are accessible from the corresponding compounds of 
the formula IVa f for example, as described in the following examples by reaction with compounds of the 
formula III, in which R6 and R7 have the meanings given above and X represents a suitable leaving 
group, preferably a chlorine atom. 
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Alternatively, compounds of the formula Ha, in which R1, R2, R3, R31, R5, R6 and R7 have the mean- 
ings indicated above end PG represents said protective group, can also be prepared, for example, as 
described in the following examples from the corresponding compounds of the formula IVa and com- 
pounds of the formula III. in which R6 and R7 have the said meanings and X Is hydroxyl, by reaction . 
with amide bond linking reagents known to the person skilled in the art Exemplary amide bond linking 
reagents known to the person skilled In the art which maybe mentioned are, for example, the carbodi- 
imides (e.g. dicyciohexylcarbodiimide or, preferably, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hy- 
drochloride), azpdicarboxylic acid derivatives (e.g. diethyl azodicarboxylate). uronium salts [e.g. 
p-(ben»triazoL-1->1>N l N,N\N , 4etramemyluTonium tetrafluoroborate or O^benzDtriaml-lyi^N.N.N'.N 1 - 
tetramthyKuronium-hexafluorophosphate] and N.N'-carbonyidnmldezole, In the scope of this invention 
preferred amide bond linking reagents are uronium salts and. particularly, carbodiimides, preferably, 
1-ethyW-(3-dimethylamInopropyl)carbodiimide hydrochloride. 

Compounds of the formula III are either known or can be prepared in a known manner. 

Compounds of the formula la t in which R1, R2, R3, R31 f R5, R6 and R7 have the meanings indicated 
above and PG represents said suitable protective group, are obtained by cyclocondensation of corre- 
sponding compounds of the formula Ha, 

Said cyclocondensation reaction is carried out in a manner known per se to the person skilled in the art 
or as described by way of example in the following examples, according to Bischler-Napieralski (e.g. as 
described in J. Chem. Soc M 1956, 4280-4282) in the presence of a suitable condensing agent, such as. 
for example, polyphosphoric acid, phosphorus pentachloride. phosphorus pentoxide or phosphorus 
oxychlorlde, in a suitable inert solvent, e.g. in a chlorinated hydrocarbon such as chloroform, or in a cy- 
clic hydrocarbon such as toluene or xylene, or another inert solvent such as Isopropyl acetate or ace- 
tonilriie, or without further solvent using an excess of condensing agent, at reduced temperature, or at 
room temperature, or at elevated temperature or al the boiling temperature of the solvent or condensing 
agent used. 

Compounds of the formula I, in which R1 , R2, R3, R31 , R4, R6> R6 and R7 have the meanings men- 
tioned above, are accessibfe from compounds of the formula la, In which R1 f R2, R3, R31, R5, R6 and 
R7 have the said meanings and PG represents said suitable protective group by reactions known to 
one of ordinary skill in the art or by reactions described, for example, in the following examples. 

in more detail, for example, compounds of the formula I, in which R1, R2, R3 f R31, R5, R6 and R7 
have the meanings mentioned above and R4 is hydrogen, can be obtained from compounds of the for- 
mula la, in which R1, R2, R3, R31, R6. R6 and R7 have the abovementioned meanings and PG repre- 
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sents said suitable protective group, by removal of the protective group in a manner described in the 
following examples or according to an art-Known manner mentioned, for example, In Protective Groups 
In Organic Synthesis 0 by T. Greene end P. Wute (John Wiley & Sons, Inc. 1999, 3 rd Ed.) or in "Protect- 
ing Groups (Thieme Foundations Organic Chemistry Series N Group" by P. Kbtienskl (Thieme' Medical 
Publishers, 2000). 

Optionally, said compounds of the formula I, in which R1 , R2, R3, R31 f R5, HS and R7 have the mean- 
ings mentioned above and R4 is hydrogen, can be further derivatlslzed, preferably at the free hydroxy! 
group in position 2, by suitable reactions known to the person skilled In the art to obtain further com- 
pounds of the formula I. 

As stated above, compounds of the formula I, In which R1 , R2 f R3, R31, R4, R5, R6 and R7 have the 
meanings given above, can be also obtained according to the reaction scheme 1 via an alternative syn- 
thesis route, which Is outlined in the right column of reaction scheme 1 and denoted as synthesis route 
B. 

In the first reaction step of synthesis route B, compounds of the formula Vb, In which R1, R2 t R3 f R31 f 
R4 and R5 have the meanings mentioned above, are prepared from the corresponding compounds of 
the formula VI by introduction of the group R4. The Introduction reaction is carried out in a manner ha- 
bitual perse or as described byway of example in the following examples. 

The following reaction steps of synthesis route B lead successively to compounds of the formula iVb, 
compounds of the formula lib and, finally, compounds of the formula I. said reaction steps can be car- 
ried out as described by way of example In the following examples or according to known analogous or 
similar processes, such as, for example, the processes shown and already specified In synthesis route 
A. 

Optionally, compounds of the formula I obtained either via synthesis route A or via synthesis route B 
can be also converted into further compounds of the formula I by methods known to one of ordinary 
skill in the art. More specifically, for example, from compounds of the formula I in which 

a) R6 and/or R7 are an ester group, the corresponding acids can be obtained by acidic or alkaline 
hydrolysis; 

b) R6 is a 1-4C-alkylcarbonyloxy group, the corresponding hydroxyl compounds can be obtained by 
acidic or alkaline hydrolysis; 

c) R6 is a nitro group, the corresponding amino compounds, which, for their part, can again be fur- 
ther derivatized, ran be obtained by selective reduction of the nitro group; 
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d) R4 Is hydrogen, the corresponding ester compounds can be obtained by esterificatJon reactions; 

e) R4 is hydrogen, the corresponding ether compounds can be obtained by etheriflcatlon reactions; 

f) R4 is ah acyl group, the corresponding hydroxyl compounds can be obtained by deesteriflcation 
reactions: 

g) R4 is an acyl group and R6 and/or R7 are an ester group, the corresponding compounds wherein 
R4 is hydrogen and R6 and/or R7 are carboxyl can be obtained by alkaline hydrolysis. 

The methods mentioned under a), b), o), d), e), f) and g) are expediently carried out analogously to the 
methods known to the person skilled In the art or as described by way of example In the following ex- 
amples. 

Optionally, compounds of the formula ! can be converted Into their salts, or, optionally, salts of the com- 
pounds of the formula I can be converted Into the free compounds. 

In addition, the compounds of the formula I can be converted, optionally, into their N-oxides, for exam- 
ple with the aid of hydrogen peroxide In methanol or with the aid of m-chloroperoxybenzoic acid in dl- 
chloromethane. The person skilled in the art is familiar on the basis of his/her expert knowledge with 
the reaction conditions which are specifically necessary for carrying out the N-oxIdation. 

Below reaction scheme 2 shows the synthesis of compounds of the formula VI, In which R1 , R2, R3, 
R31 and R5 have the meanings indicated above, from corresponding compounds of the formula VII via 
reduction reaction of the carbonyi group. Suitable reducing agents for the abovementloned reduction 
reaction may Include, for example, metal hydride compounds such as, for example, diisopropylalumin- 
lum hydride, borane, sodium borohydride, sodium triacetoxyborohydrlde, sodium cyanoborohydride, 
zinc borohydride, potassium tri-sec-butylborohydride, sodium tri-sec-butylborohydrlde, lithium tri-sec- 
butylborohydride, p-jsopinocamphBy!-9-borablcyclo[3.3.1]nonane and the like. The preferred examples 
of said reducing agents are sodium cyanoborohydride, p-lsoplnocampheyl-9-borablcyclot3.3.1]nonane 
and potassium tri-sec-butylborohydrlde. The most preferred examples of the abovementloned reducing 
agents are P-isopinocampheyl-9-borabioyclo[3.3.l)nonane and potassium tri-sec-butylborohydrlde, 
which both allow to prepare compounds of the formula VI stereoselective^. "Stereoselective!/ 1 hi this 
connection means that those compounds of the formula VI, in which the hydrogen atoms In positions 1 
and 3 are located at the opposite side of the plane defined by the cyclohexane ring, are obtained pref- 
erentially. 
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Reaction scheme 2: 




The compounds of the formula VII, in which R1 , R2 r R3, R31 and R5 have the said meanings, are ei- 
ther known or can be obtained by the reaction of compounds of the formula VIII, in which R1 and R2 
have the meanings mentioned above, with compounds of the formula IX, in which R3 f R31 and R5 have 
the meanings mentioned above. The cycloaddition reaction Is carried out In a manner known to the per- 
son skilled in the art according to Diels-AIder, e.g. as described in J. Amer, Chem. Soc. 1957, 19, 6559 
or in J. Org. Chem. 1952, 17, 581 or as described In the following examples. 

Compounds of the formulae Va, Vb and VI, in which the phenyl ring and the nitro group are trans to one 
another, can be converted in a manner known to the person skilled in the art into the corresponding cis 
compounds, e.g. as described in J. Amer. Chem. Soc. 1957, 29. 6559 or as described in the following 
examples. 

The compounds of the formulae VIII and IX are either known or can be prepared in a known manner 
The compounds of the formula VIII can be prepared, for example, in a manner known to the person 
skilled in the art from corresponding compounds of the formula X as described, for example, in J. 
Chem, Soc. 1951. 2524 or in J. Org. Chem. 1944, 9, 170 or as described in the following examples. 

The compounds "of the formula X f in which R1 and R2 have the meanings indicated above, are either 
known or can be prepared in a manner known to the person skilled In the art, as described, for exam- 
ple, in Ber. Dtsch. Chem. Ges. 1925, 58, 203. 

It is moreover known to the person skilled In the art that if there are a number of reactive centers on a 
starting or intermediate compound it may be necessary to block one or more reactive centers temporar- 
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ily by protective groups In order to allow a reaction to proceed specifically at the desired reaction center. 
" A detailed description for the use of a large number of proven protective groups is found, for example, 
in "Protective Groups in Organic Synthesis 0 by T. Greene and P. Wuts (John Wiley & Sons, Inc. 1999, 
3* Ed.) or in "Protecting Groups (Thieme Foundations Organic Chemistry Series N Group 1 * by P. Ko- 
oienski (Thieme Medical Publishers, 2000). 

' The isolation and purification of the substances according to the Invention is carried out In a manner 
known per se, e.g. by distilling off the solvent in vacuo and recrystallteing the resulting residue from a 
suitable solvent or subjecting it to one of the customary purification methods, such as, for example, col- 
umn chromatography on suitable support material. ■ 

Salts are obtained by dissolving the free compound in a suitable solvent (e.g.,a ketone, such as aceto- 
ne, methyl ethyl ketone or methyl isobutyl ketone, an ether, such as diethyl ether, tetrahydrofuran or 
dioxane. a chlorinated hydrocarbon, such as methylene chloride or chloroform, or a low molecular 
weight aliphatic alcohol such as ethanol or isopropanol) which contains the desired acid or base, or to 
which the desired acid or base is then added, The salts are obtained by filtering, reprecipltatlng, precipi- 
tating with a nonsolvent for the addition salt or by evaporating the solvent. Salts obtained can be con- 
verted by alkalfeatlon or by acidification into the free compounds, which in turn can be converted into 
% salts. In this way, pharmacologically Intolerable salts can be converted into pharmacologically tolerable 
salts. 

The following examples serve to illustrate the Invention further without restricting it Likewise, further 
compounds of the formula I, whose preparation is not explicitly described, can be prepared in an analo- 
gous manner or in a manner familiar per se to the person skilled in the art using customaiy process 
techniques. 

In the examples, m,p. stands for melting point, h for hour<s), min for minutes, R* for retention factor In 
thin layer chromatography, e.p. for sintering point, EF for empirical formula, MW for molecular weight 
MS for mass spectrum, M for motecular ion. 

According to common practice in stereochemistry, the symbols RS and SR are used to denote the spe- 
cific configuration of each of the chlral centers of a racemate. In more detail, for example, the term 
"(2RS f 4aRS.10bRSr stands for a racemate comprising the one enantiomer having the configuration 
• , (2R,4aR,10bR) and the other enantiomer having the configuration (2SMS.1 ObS). 

The compounds mentioned in the examples and their salts are a preferred subjectof the invention. 
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Examples 

Final products 

1. f±)-Acetfc acid j2RS a 4aRS J 10hj^ 
f1,2 T 3.4.4a.lbb>4iexahvdrophenanthrtdln>2-vl eater 

320 mg of (±)-3cetic acid (1RS,3R8d4RS)^l^ttl8*^^ 

3-(3 # 4^lmettio)cy-phenyl)^c!ohe)^J ester (compound A1 ) In 3 ml of isopropyl acetate is added at 0°C 
under nitrogen atmosphere to a suspension of 365 mg of phosphorus pentaohloride In 2 ml of Isopropyl 
acetate, the mixture is stirred for 50 mtn. Then a solution of 3.5 ml of trlelhylamine in 10 mf of Isopropyl 
acetate Is added dropwise. After diluting with 10 ml of water and 20 ml of isopropyl acetate, the phases 
are separated and the aqueous layer Is extracted three times with isopropyl acetete. After concentrat- 
ing, the residue is chromatographed on silica gel and 267 mg (86 % of theory) of the title compound are 
obtained as a colourless foam. 

EF: C ai H37N0 6 ; MW: 519.64 
MS: 620.2 (Mhf) 

R f = 0.56 (petroleum ether/ethyl acetate/triethylamine = 6/3/1 ) 
M,p.: 73-77°C 

Starting from the starting compounds described below, the following are obtained according to the pro- - 
cedure as in Example 1 : 

2. f±)-Acetic acid_(2RS.4aRS.1 0bRS)-6-( 4-methoxvcarbon vlphenvn-8.9<Mmethoxv« 
(1,2 t 3 > 4.4a.10bl-heKahvdrophBnanthrldln»2-vl ester 

• EF: CaaH^NOa; MW; 437.50 
MS: 438.3 (MH*) 

Rf = 0.62 (petroleum ether/ethyl acetate/triethylamine » 6/3/1) 
M.p.: 184~185 ft C 

3. felaAcetfc acid (2RS T 4aRS,1 ObPS)-6-f4-dimethvlaminoPhenvI)-8.9>dFmQthoxv- 
(1 t 2 T 3 A^a^OM-haxqtiYCjrPPn^naffttnl^h^ astflC 

EF: G&WtoWzO* MW: 422.53 
MS: 423.3 (MH*) 

R,- 0.52 (petroleum ether/ethyl acetate/triethylamine = 4/5/1) 
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4. fA)-Acatic acid(2RS.4aRS.1tihRS)^-f3.4-dime^^ 
hexahvdroDhonanthridin^2.vl oator • 

EF: CzsHaNOe; MW: 439.61 

MS: 440.3 (MH*) '. 
Rf= 0.35 (petroleum ether/ethyl acetate/trtemylamine = 5/4/1) 
M.p.: 66-94'C 

5. teWVcotlc acid f2RS.4aRS.10b RS\.6^itrQah6nvft.fl •Q.dimathoxW 1 .2.3.4,4a.10b)-hexa- 
hvdroDhenanthrtdln-2-vt ester 

EF: C^HsaNjtOa! MW: 424.46 
MS: 425.3 (MH*) 

R f = 0.41 (petroleum ether/ethyl acetate/triethylamlne *= 6/3/1) 
M.p.:77^88°C 

6. <±VAceticacld/2SR.4aRS.10bRS^6-/3Ul-bis^vclopropv tmathoxvDhenvl)-8.0HlImethoxv. 
(1 .2.3.4.4a.10b^hoxahvdrOPhenanthiidin»2»vl ester , 

670 mg of (±>acetic acid (1SR,3RS,4RSM^[W3,44>is-cydopropylmemoxyph^ 
3-(3,4-dimethoxy-phenyl)-cyclohexyl ester (compound A6) are added portionwlse to a suspension of 1.0 
g of phosphorus pentachloride In 10 ml of isopropyl acetate. After 1h the reaction mixture is dropped to 
an Ice cooled solution of 7 ml of triethylamlne in 20 ml of Isopropyl acetate. After diluting with 20 ml of 
water/the mixture Is washed with saturated sodium nydrogencarbonats solution, the phases are sepa- 
rated and the organic phase Is dried using sodium sulfate and concentrated. The residue Is chromato- 
graphed on silica gel using a mixture of petroleum ether/ethyl acetate/triethylamlne in the ratio 6/3/1. 
After concentration of the corresponding eluate fractions. 620 mg of the title compound are obtained as 
a slight yellow oil. 

7. f^-/2RS.4aRS.l0bRS\-a-f3.4>Ble>cvelQpropvlm athoxvDhenvn-B.9-dlmethoxv. 
(1 .2.3.4.4a.1 0bt-haxahvdrophenanthridin.2-ol 

Under nitrogen 200 mg of (±)-acetic acid (2RS.4aRS.10bRS)-6-(3,4-bls-cyclppropylmethoxyphenyl)-6 l 9- 
dimethoxy-(1 ,2,3.4,4a, 10b)-hexahydrophenanthridin-2-yl ester (compound 1) are dissolved in 5 ml of 
methanol; treated with 32 mg of cesium carbonate and the mixture is stirred for 15 min at room tem- 
perature. After 15 min further 32 mg of cesium carbonate are added and stirring is continued for 15 h. 
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the reaction mixture is adsorbed on silica gel and chrbmatographed and 170 mg (92 % of theory) of 
the title compound are obtained as a slight yellow solid. 

EF: C29H35NO5; MW: 477.61 
MS: 478.3 (MH*) 

Rf=0.SB (ethyl acetate/trfethylamlne = 9/1) 
M.p.: 83-92'C 

Starting from the starting compounds described above fn Example 2 to 5, the following are obtained 
according to the procedure as In Example 7: 

8. f*M2RS.4aRS.lObRS>^-f4-Mathoxvcai iionvlohenvn^.a^lmethoxv.n.2.3^.4a.10bVhexa- 
hydrophenanthridin-2-ol 

EF: CasHaaNOs! MW: 395.46 
MS: 396.4 (MH*) 

Rr= 0.35 (ethyl acetate/triethylamine ■ 9/1) 
M.p.: 94-1 05°C 

g. f^.f2RS.4aRS.10bRS>.6.f44)imathvlamInophenv n>B.9^lmBthmev- fi .2.3.4.4a.1 0b)-hexahv- 
droPhQnanthridin-2-ol 

EF: C28H2BN2O3; MW: 380.49 
MS: 381 .4 (MH*) 

R f = 0.36 (ethyl acetate/triethylamine = 9/1 ) 
M.p.: 115-121 8 C 

10. ttW2RS.4aRS.10bRSl-6-f3.4-D8methoximhenvlV ^ 
phenanthridin-2-ol 

EF: CaaHarNOs; MW: 397.48 
MS: 398.4 (MH*) 

R, = 0.30 (ethyl acetate/triethylamine = 9/1) 
M.p.: 104-1 10*C 
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11. rri-f2RS^aRS.10bRS>^4-MitroDhanvn-e.9-dlfnethoxv-f1.2.3^^ a.10M-h9xahvdrophen. 
anthridln-2^1 % 

EF: CaiHaaNaOs; MW: 382.42 
MS: 383.3 (MH*) 

Rr= 0.57 (ethyl acetate/Wethylamine = 9/1) 
M.p.;*178-181°C 

12. f±M2RS.4aRS.10bRSl*-f4^ artioxvphQn^^ 
phenanthridin-2-ol 

A solution of 290 mg (0.66 mmol) of (±>-acettc acid (2RS,4aRS,10bRS)-6-(4-melhO)cycarbonylphenyl)- 
B,9-dlmethoxy-(1^ l 3,4,4a,10b)-hexahydrophenanthridln-2-yl ester (compound 2) In 10 ml of Isopropa- 
nol is treated dropwise with aqueous lithium hydroxide solution to adjust to pH 10. Stirring is continued 
for 72 h, the reaction mixture is neutralized with phosphate buffer solution and extracted with dlchloro- 
methane. The aqueous layer is concentrated and the residue is leached with a boiling mixture of ethyl 
acetate arid methanol: The organic solvents are removed to obtain 90 mg of the title compound as a 
yellowish foam. 

EF: CaaHaaNOs; MW: 381.43 
MS: 382.4 (MH*) 
M.p.: 172-183°C 

13. f±).(2SR T 4aRS l 10bRS1-6-(3.4-Bis-cvclODropvlmethox vDhanvn>B.9-dlmflttioxv. 
M .2.3.4.4a.1 6 bl.hBxahvdroDhananthrtdtn-2-ol 

3S0 mg of (±)-aeetic acid (2SR,4aRQ,10bR3)-6-(3.4-bi5-cyclopropylmethoxyphenyl)-8,9-dlmethoxy- 
(1 ,2,3,4,4a, 10b)-hexahydrophenanteridin-2-yl ester (compound 6) are dissolved In 3 ml of ethanol, trea- 
ted with a solution of 180 mg of potassium hydroxide In 2.6 ml of water and the mixture is stirred for 10 
mln at 50°C . After 10 min the mixture is concentrated, the residue is redissolved in ethyl acetate and 
washed with water. The organic phase is dried using sodium sulfate and concentrated. The residue is 
crystallized from diethylether. 290 mg of the title compound of melting point 114-118°C are obtained. 
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Starttna compounds; 

A1. fel-Acotic acid (1RS.3RS.4RS)^f1-f3,4-bis-cvclopropyrmotho^phenvnmQthanovllw 
amlnol-3^3.4>d?m6thoxyphenvn(^vclQh6yvl ostor 

590 mg of (±)-acetic acid (lRS,3RS,4RS)^mino^-(3 f 4^lmethox^ ester (compound 

B1 ) are dissolved in a mixture of 6 ml of methylene chloride and 1 .5 ml of pyridine and 10 mg of 4-di- 
methjlaminopyridine are added. A solution of 595 mg of 3,4-dicyclppropytmethoxybehzoyl chloride in 
methylene chloride is added dropwise and the mixture is stirred for 16 h. Further 140 mg of dicydopro- 
pylmethoxybenzoyl chloride and 10 mg of 4-dimethytamfnopyridine are added to complete the reaction. 
The solvents are removed and the residue fs purified by chromatography on silica gel using a mixture of 
petroleum ether/ethyl acetate rtrtethylamine in the ratio 5/4/1 as eluent. After concentration of the corre- 
sponding eluate fractions, 630 mg (59 % of theory) of the title compound are obtained as a colourless 
foam, 

EF: CaiHaaNO* MW: 537,66 
MS: 538.2 (MH*), 560.3 (MNa*) 

Rf a 0.57 (petroleum ether/ethyl acetate/triethylamine = 6/3/1 ) 
S.p.: 70-75°C 
M.p.; 136-1 37°C 

A2, (±1-Acetlc acid (1 RS,3RS,4RSM-r P? ^4'methoxvcarbonvlphonvnmethano vllaminoV^3-(3 T 4- 
dlmathoxvphsnvncvclohaxvl ester 

1 .6 g of (±)-acetic acid (1 RS,3RS l 4RS)-4-amlno-3-(3 l 4-dimethoxyphenyl)cyclohexyl ester (compound 
B1 ) are dissolved In 30 ml, of dichloromethane. 982 mg (5.45 mmol) of terephthalic acid monomethyl 
ester and 1.25 g (6.74 mmol) of N-ethyl-N'-(3-dimethylaminopropyI)carbodllmlde hydrochloride are 
added successively under stirring* After 3 h further 1 8 mg (0.1 mmol) of terephthalic acid monomethyl 
ester are added. After 15 h the reaction Is treated with aqueous hydrochloric acid and extracted several 
times with dichloromethane. After evaporation of the combined organic phases, the crude product Is 
crystallized from ethyl acetate/cyclohexane to give 1 .87 g (73 % of theory) of the title compound as col- 
ourless solid. 

EF: CasHzoNOy; MWi 455.51 
MS: 456.2 (MhT) 

Rf » 0.69 (ethyl acetate/triethylamine = 9/1) 
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Startirig from the starting compounds described below, the following are obtained according to the pro- 
. cedures as In Example A1 or In Example A2: 

A3. fcVAcetlc aeid ( 1 RS.3RS^RSM^ri^4^lmathvlamlnophonv»meth anovnamlno , W343.4-di. 
HiethoxyphenYncyclo hexylesbr 

EF: CaiH^NaOa; MW: 440.54 
MS: 441.2 (MH*). 463.2 (MNa*) 

Rf= 0.50 (ethyl acetate/triethylamine = 9/1) '"•'«» * 

0 o 

A4. f±l-Acetlc acid M RS.3RS.4RS^M^3.4- dlm6thvoxvphanvl^m6thanovl1amtnoV^-f3.4Mii- 
mothoxvpha n^cyelphaxvl ester 

EF: CagHaiNCV, MW: 457.53 
MS; 458.1 (MH*). 480.3 (MNa*) 

R f = 0.15 (petroleum ether/ethyl acetate/lrlethylamlne = 5/4/1) 
M.p.: 70-78°C 

AS. frd-Acetlc acid f 1 RS.3RS.4 RS^fl ■M.nftronhonvnmiithanovnatninoM.f3.4.diniatboxVr 
nhanvncvclohaxvl ester 

EF: CaHaNj-Oz; MW: 442.47 
MS: 443.1 (MH*) 

R f = 0.31 (petroleum ether/ethyl acetate = 1/1) 
M.p.: 83-94°C 

A6. (±1-Acetlc acid M SR.3RS.4RS1-4^M -f3>UblB-cvc lopropvlmethoxvphenvnmethanovl1- 
amino>^-f3.4^irf|BthPXVT ihenvncvclohBXvl ester 

9.5 mmol of (±)-acetic acid (.iSR.SRS^RSH-amino-SKS^dimethoxyphenylJcyclohexyl ester (conv 
pound B6) are dissolved in a mixture of 40 mi of methylene chloride and 10 ml of triethylamine and 
treated with 8.9 mmol of 3,4-dioydopropylmethoxybenzoyl chloride. 

After stirring for 1 h at room temperature, the reaction mixture is concentrated and the residue ehroma- 
tographed on silica gel using a mixture of petroleum ether/ethyi acetate/triethylamine in the ratio 4/4/1 
as eluent. After concentration of the corresponding eluate fractions, 1 .86 mmol of the title compound 
are obtained. 
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B1. fel-Acstlc acid (lRS.3RS^RSV-4^mfno>3W3>4.dlmQthQxvohonvncvclohQxvl ester 

•■*.*. * . • 

A solution of 10,37 g of (±>-acette acid (lRS.3RS,4RS>^3 ( 4^lmethoxyphenyl)^n^ ester 
(compound C1) in 240 ml of elhano! Is added to a zinc-copper couple, prepared from if.B g of zinc 
powder and 920 mg of copper (ll) acetate monohydrate in acetic acid., the resulting suspension is re- 
fluxed and treated with 26 ml of acetic acid, 3.2 ml of water and 26 ml of ethanol. The resulting mixture 
Is refluxed for further 15 mln. The precipitate is filtered off with suction and the solvent Is removed. 
Chromatographical purification on silica gel using a mixture of petroleum ether/ethyl acetate/friethyl- 
amine in me ratio 2/7/1 and concentration of the corresponding eluate fractions afford 5.13 g (55 % of 
theory) of ihe title compound as a pale brown oil. 

Rr ■ 0.35 (petroleum ether/ethyl acetate/triethylamine ■ 2/7/1 ) 

B6. /±)-Acetic acid (1SR.3R S>4RS^amino>3^3^.dimothoxvDhenvHcvclohQXvl ester 

2.1 g of (±)-acetic acid (1SR t 3RS,4RS)-3.(3 f 4-dimetfioxyphenyl>4^itrocyclohexyl ester (compound C6) 
are dissolved In 50 ml of ethanol and treated with 2 g of zlno powder. 5 ml of acetic acid are added 
dropwlse at boiling heat After 1 h the reaction mixture is filtered and the filtrate Is concentrated. The 
residue is used without further purification for the next step. 

C1. QfcfcAoetic acid f1RS t 3RS,4RS>-3-fa.4-dimethoxvphen vn-4-nttrocvclohexvl eater 

10.18 g of (±M1 RS^RS^RS^S^dimethoxyphenyD^-nitrocyclohexanol (compound D1) are dissol- 
ved in 100 mi of acetic anhydride and the solution is heated to 100 9 C for 1-2 h. After removal of the sol- 
vent, the residue Is chromatographed on silica gel using a mixture of petroleum ether/ethyl acetate in 
the ratio 2/1 . Concentration of the corresponding eluate fractions furnish 10.37 g (69 % of theory) of the 
title compound as an oil. 

Rf= 0.32 (petroleum ether/ethyl acetate = 2/1) 

C6. tel-Acetic acid f1SR.3RS,4RS)-3rf3^^dimethokvphenvl)-4-nitrocvclohBKvl ester 

7.0 g of (±)-acetlc acid (1SR,3RS l 4SR)-3-(3 l 4-dimethoxyphenyl)-4-nitrocyclohex^ ester (compound D6). 
are dissolved in 1 00 ml of absolute 1 ,2-dimethoxyethane and treated with 8.2 ml of a 30 % solution of 
sodium methanolate In methanol at room temperature. A solution of 2 ml of cone sulfuric acid in 6 ml of 
absolute ethanol is then added dropwlse under cooling in an ice bath. After stirring for 1 h the cooling 
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bath Is removed, the mixture is diluted with 200 ml of water, and extracted with ethyl acetate. The or- 
ganic layer Is dried over sodium sulfate and concentrated. The residue is used In the next step without 
further purification. 

5,8 g of the said residue are dissolved in 40 ml of acetic anhydride and the solution is stirred at 100°C 
for 3 h. The reaction mixture is concentrated and the residue Is purified by chromatography on silica gel 
using a mixture of petroleum ether/ethyl acetete in the ratio 1/1 . The solvents of the corresponding elu- 
ate fractions % ajre evaporated to famish 2.2 g of the title compound of melting point 1 13-115°C. 

D1. (±W1RS.3RS.4R5W3.443fmetft^ * 

10 g of (±)^1RS f 3RS,4SR)-3K3i4-dimethoxyphenyl)^nitrocyclohexanol (compound E1) are dissolved 
In 170 ml of absolute 1,2-dimethoxyethane. 14,3 ml of a 30 % solution of sodium methanolate in metha- 
nol are added dropwise. After complete addition, stirring is continued for 10 mln and a mixture consist- 
ing of 85 % phosphoric acid and methanol is added to pH 1 . By adding of saturated potassium hydro- 
gencarbonate solution the resulting suspension is neufralized, The mbdure (s diluted with water and dl- 
chloromethane, the organic layer is separated and extracted with dichloromethane. The solvents are 
removed under reduced pressure to yield the title compound as a pale yellow oil, which crystallizes. The 
title compound is used without further purification in the next step. 

« 

R f = 0.29 (petroleum ether/ethyl acetate = 1/1 ) 
M.p.: 126-1 27°C 

D6. (±)-Acetlc acid ttSR.3RS,4SRW343J-Dgmathoxv^^ 

6.0 g of (±)-(1SR f 3RS r 4SR)-3-(3 < 4^imethoxyphenyl)-^itrocyclohexanol (compound E6) are dissolved 
in 40 ml of acetic anhydride and stirred for 1.5 h at 1Q0*C. The reaction mixture is concentrated and the 
residual title compound of melting point 1 08-1 1 0 6 C is used without further purification in the next step. 

El. f±W1RS>3RS>ISR^43>4-Plmethoxvohenvn-4^nlt rocvclohexanol 

Under nitrogen atmosphere 1676 g of (±).(3RS 1 4SRW3 ( 4<IImethoxyphenylH-nltrocycIohex^ 
(compound F1) are dissolved in 300 ml of tetrahydrofurane, the solution is cooled to -78 a C, and 75 ml 
of 1 M solution of potassium tri-seo-butylborohydride in tetrahydrofurane is added dropwise. After stir- 
ring for further 1 h. a mixture consisting of 30% hydrogeneperoxide solution and phosphate buffer solu- 
tion is added. Stirring is continued for further 10 min, the reaction mixture is diluted with 400 ml of ethyl 
acetate and the aqueous layer is extracted with ethyl acetate, the combined organic phases are con- 
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centrated to give a foam, which is purified by chromatography on silica gal using a mixture of petroleum 
ether/ethyl acetate in the ratio 1/1 to furnish 1 0.18 g (60 % of theory) of the title compound. 



EF: C 14 H«NO s ; MW: 281.31 
MS: 299.1 (MNfV) 

Rf = 0.29 (petroleum ether/ethyl acetate » 1/1) 
M.p.: 139-141«C 



E6. aW1SR.aRSUtSro-3-f3.4-Dimetl 



yl)-4-nitrocvctohQxanol 



24 g of (±)-(3RS l 4SR)^(3 1 4KlimeftoxyphenylH'nftrocyclohexanone (compound F1) are dissolved at 
60°C in a mixture consisting of 300 ml of 1,2-dimethoxyethane and 3 ml of methanol and treated por- 
tionwise with 1.6 g of sodium borohydride. After 1 h the reaction mixture Is cooled to room temperature, 
300 ml of water are added and the crude title compound is extracted with ethyl acetate. The organic 
phase is dried over sodium sulfate and concentrated, The crude title compound is purified by chroma- 
tography on silica gel using ethyl acetate/petroleum ether in the ratio 2/1 as eluent Removal of the sol- 
vents of the corresponding eluate fractions yields 11.9 g of the title compound of melting point 
119-122°C, 

F1. f±M3RS,4SR)^3,4-DimethoxvphenVM-nitrocvolohexanonQ 

90.0 g of 3 f 4-dimethoxy-ai-nltrostyrene (compound G1 ), 90 ml of 2-trimethylsIiyloxy-1 f 3-butadiene and 
180 ml of abs. toluene are put in an autoclave, where the mixture is stirred at 140*C for 2 days and then 
cooled. After addition of 1000 ml of ethyl acetate, 300 ml of a 2 N solution of hydrochloric acid are 
dropped under stirring. The phases are separated and the aqueous layer Is extracted three times with 
dlchloromethane. The combined organic extracts are washed with saturated sodium hydrogencarbon- 
ate solution, dried over magnesium sulfate and the solvents are removed under reduced pressure to 
give 1 50 g of the crude title compound. Further purification is carried out by chromatography on silica 
gel using petroleum ether/ethyl acetate in the ratio 1/1 as etuent to give 81.5 g (67 % of theory) of the 
pure title compound. 

EF: C 14 Hi 7 N0 6 ; MW: 279.30 

MS: 279 (M*), 297.1 (MNhV) 

R f = 0.47 (petroleum ether/ethyl acetate = 1/1) 

M.p.: 147-148'C 
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G1. 3^-Dlmethoxv«a>»nitnistvrene 

207.0 g of 3,4nflmethoxybenzaldehyde, 100.0 g of ammonium acetate and 126 ml of nitromethane are 
heated to boiling for 3-4 h In 1.0 1 of glacial acetic acid. After cooling in an Ice bath, the precipitate is 
filtered off with suction, rinsed with glacial acetic acid and petroleum ether and dried. M.p.: 140-1 41 °C. 
Yield: 179.0 g. 
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Commercial utiHtv 



the compounds according to the Invention have useful pharmacological properties which make them 
industrially utflizable. As selective cyclic nucleotide phosphodiesterase (PDE) inhibitors (specifically of 
type 4), they are suitable on the one hand as bronchial therapeutics (for the treatment of airway ob- 
structions on account of their dilating action but also on account of their respiratory hate- or respiratory 
drive-increasing action) and for the removal of erectile dysfunction on account of their vascular dilating 
acticm, but on the other hand especially for the treatment of disorders. In particular of an inflammatory 
nature, e.g, of the airways (asthma prophylaxis), of the skin, of the intestine, of the eyes, of the CNS 
and of the joints" which are mediated by mediators such as histamine, ~Pa£ (platelet-activating factor), 
arachldonic acid derivatives such as leukotrienes and prostaglandins, cytokines, interleukins, chemoki- 
nes, alpha-, beta- and gamma-interferon. tumor necrosis factor (TNF) or oxygen free radicals and pro- 
teases. In this context, the compounds according to the invention are distinguished by a tow toxicity, a 
good enteral absorption (high bioavailability), a large therapeutic breadth and the absence of significant 
side effects. 



On account of their PDE-inhiblting properties, the compounds according to the invention can be em- 
ployed in human and veterinary medicine as therapeutics, where they can be used, for example, for the 
treatment and prophylaxis of the following illnesses: acute and chronic (in particular inflammatory and 
allergen-induced) airway disorders of varying origin (bronchitis, allergic bronchitis, bronchial asthma, 
emphysema, COPD); dermatoses (especially of proliferative, inflammatory and allergic type) such as 
psoriasis (vulgaris), toxic and allergic contact eczema, atopic eczema, seborrhoelc eczema, Uchen 
simplex, sunburn, pruritus In the anogenital area, alopecia areata, hypertrophic scars, discoid lupus ery- 
thematosus, follicular and widespread pyodermias, endogenous and exogenous acne, acne rosacea 
and other proliferative, inflammatory and allergic skin disorders; disorders which are based on an ex* 
cessive release of TNF and leukotrienes, for example disorders of the arthritis type (rheumatoid arthri- 
tis, rheumatoid spondylitis, osteoarthritis and other arthritic conditions), disorders of the immune system 
(AIDS, multiple sclerosis), graft versus host reaction, allograft rejections, types of shook (septic shock, 
endotoxin shock, gram-negative sepsis, toxic shock syndrome and ARDS (adult respiratory distress 
syndrome)) and also generalized inflammations in the gastrointestinal region (Crohn's disease and ul- 
cerative colitis); disorders which are based on allergio and/or chronic, immunological false reactions In 
the region of the upper airways (pharynx, nose) and the adjacent regions (paranasal sinuses, eyes), 
such as allergic rhinitis/sinusitis, chronic rhinitis/sinusitis, allergic conjunctivitis and also nasal polyps; 
but also disorders of the heart which can be treated by PDE Inhibitors, such as cardiac insufficiency, or ' 
disorders which can be treated on account of the tissue-relaxant action of the POE inhibitors, such as, 
for example, erectile dysfunction or colics of the kidneys and of the ureters in connection with kidney 
stones. In addition, the compounds of the Invention are useful in the treatment of diabetes insipidus and 
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conditions associated with cerebral metabolic Inhibition, such as cerebral senility, senile dementia (Alz- 
heimer's disease), memory impairment associated with Parkinson's disease or multilnfarct dementia; 
and also illnesses of the central nervous system, such as depressions or arteriosclerotic dementia. 

The Invention further relates to a method for the treatment of mammals, including humans, whloh are 
suffering from bne'of the. above mentioned Illnesses. The method is characterized In that a therapeuti- 
cally active and pharmacologically effective and tolerable amount of one or more of the compounds ac- 
cording to the invention is administered to the 31 mammal. 

. .. . G 

The invention further relates to the compounds according to the invention'for use in the treatment 
and/or prophylaxis of illnesses, especially the Illnesses mentioned. 

The invention also relates to the use of the compounds according to the invention for the production of 
pharmaceutical compositions which are employed for the treatment and/or prophylaxis of the Illnesses 
mentioned. 

The invention furthermore relates to pharmaceutical compositions for the treatment and/or prophylaxis 
of the illnesses mentioned, which contain one or more of the compounds according to the invention. 

Additionally, the invention relates to an article of manufacture, which comprises peckaglng material and 
a pharmaceutical agent contained within said packaging material, wherein the pharmaceutical agent Is 
therapeutically effective for antagonizing the effects of the cyclic nucleotide phosphodiesterase of type 4. 
(PDE4), ameliorating the symptoms of an PDE4-medlated disorder, and wherein the packaging mate- 
rial comprises a label or package insert which Indicates that the pharmaceutical agent is useful for pre- 
venting or treating PDE4-mediated disorders, and wherein said pharmaceutical agent comprises one or 
more compounds of formula 1 according to the Invention, The packaging material, label and package 
Insert otherwise parallel or resemble what is generally regarded as standard packaging material, labels 
and package Inserts for pharmaceuticals having related utilities. 

The pharmaceutical compositions are prepared by processes which are known per se and familiar to 
the person skilled in the art As pharmaceutical compositions, the compounds according to the inven- 
tion (= active compounds) are either employed as such, or preferably in combination with suitable phar- 
maceutical auxiliaries and/or exdplents, e.g. in the form of tablets, coated tablets, capsules, caplets. 
suppositories, patches (e.g. as TTS), emulsions, suspensions, gels or solutions, the active compound 
content advantageously being between 0.1 and 95% and where, by the appropriate choice of the auxil- 
. - iaries and/or exdplents, a pharmaceutical administration form (e.g. a delayed release form or an enteric 
form) exactly suited to the active compound and/or to the desired onset of action can be achieved. 
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The person skilled in the art la familiar with auxiliaries or exdpients which are suitable for the desired 
pharmaceutical formulations on account of his/her expert knowledge. In addition to solvents, gel for- 
mere, ointment bases and other active compound exciptents, for example antioxidants, dispersarits, 
emulsifiers. preservatives, solubifefifs, colorants, complexlng agents or permeation promoters, can be * 
used. 

The administration of the pharmaceutical compositions according to the invention may be performed in 
any of the generally accepted modes of administration available in the art, Illustrative examples of suit- 
able modes of administration Include intravenous, oral, nasal, parenteral, topical, transdermal and rectal 
delivery^ Oral delivery is preferred. 

For the treatment of disorders of the respiratory tract, the compounds according to the invention are 
preferably also administered by inhalation in the form of an aerosol; the aerosol particles of solid, liquid 
or mixed composition preferably having a diameter of 0.5 to 10 pm, advantageously of 2 to 6 pm. 

Aerosol generation can be carried out. for example, by pressure-driven jet atomizers or ultrasonic atom- 
izers, but advantageously by propellant-driven metered aerosols or propeltant-free administration of 
micronlzed active compounds from inhalation capsules. 

Depending on the inhaler system used, in addition to the active compounds the administration forms 
additionally contain the required exciptents, such as, for example, propellants (e.g. Frigen In the case of 
metered aerosols), surface-active substances, emulsifiers. stabilizers, preservatives, flavorings, fillers 
(e.g. lactose in the case of powder inhalers) or, if appropriate, further active compounds. 

For the purposes of inhalation, a large number of apparatuses are available with which aerosols of op- 
timum particle size can be generated and administered, using an Inhalation technique which Is as right 
as possible for the patient. In addition to the use of adaptors (spacers, expanders) and pear-shaped 
containers (e.g. Nebulatort©. Volumatlc®), and automatic devices emitting a puffer spray (Autohaler®), 
for metered aerosols, in particular In the case of powder inhalers, a number of technical solutions are 
available (e.g. Dlskhaler®, RotadieWS), Turbohaler® or the inhaler described in European Patent Appli- 
cation EP 0 505 321). using which an optimal administration of active compound can be achieved. 

For the treatment of dermatoses, the compounds according to the invention are In particular administe- 
red in the form of those pharmaceutical compositions which are suitable for topical application. For the 
production of the pharmaceutical compositions, the compounds according to the Invention (- active 
compounds) are preferably mixed with suitable pharmaceutical auxiliaries and further processed to give 
suitable pharmaceutical formulations. Suitable pharmaceutical formulations are, for example, powders, 
emulsions, suspensions, sprays, oils, ointments, fatty ointments, creams, pastes, gels or solutions. 
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The pharmaceutical compositions according to the invention are prepared by processes known per se. 
The dosage of the active compounds is carried put in the older of magnitude customary for PDE inhibi- 
tors, Topical application farms (such as ointments) for the treatment of dermatoses thus contain the 
active compounds in a concentration of, for example. 0.1-99%. The dose for administration by Inhala- 
tion is customarly between 0.1 and 3 mg per day. The customary dose in the case of systemic therapy 
<p.o. or U.) is between 0.03 and 3 mg/kg per day. . 
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Biological investigations 

The second messenger cyclic AMP (cAMP) is well-known for inhibiting inflammatory and immunocom- 
petent cells. The PDE4 Isoenzyme is broadly expressed in cells involved in the initiation and propaga- 
tion of inflammatory diseases (H Tenor and C Schudt, in ^Phosphodiesterase Inhibitors' 1 , 21-40, „The 
Handbook of Immunopharmacology 0 , Academic Press, 1996), and its inhibition leads to an Increase of 
the intracellular cAMP concentration and thus to the Inhibition of cellular activation (JE Souness et al., 
Immunopharmacology 47: 127-162, 2000). 

The antiinflammatory potential of PDE4 inhibitors in vivo in various animal models has been described 
(MM Teixeira, TIPS 18: 164-170, 1997). For the investigation of PDE4 inhibition on the cellular level (in 
vitro), a large variety of proinflammatory responses can be measured. Examples are the superoxide 
production of neutrophilic (C Schudt et al. f Arch Pharmacol 344: 682-690, 1991) or eosinophilic (A 
Hatzelmann et ah, Brit J Pharmacol 114: 821-831, 1995) granulocytes, which can be measured as lu~ 
minol-enhanced chemlluminescence, or the synthesis of tumor necrosis factor-ct In monocytes, macro- 
phages or dendritic ceils (Gantner et al.; Brit J Pharmacol 121: 221-231 , 1997, and Pulmonary Pharma- 
col Therap 12: 377-386, 1999). In addition, the immunomodulatory potential of PDE4 inhibitors is evi- 
dent from the inhibition of T-cell responses like cytokine synthesis or proliferation (DM Es6ayan, Bio- 
chem Pharmacol 57: 965-973. 1999). Substances which inhibit the secretion of the afore-mentioned 
proinflammatory mediators are those which inhibit PDE4. PDE4 Inhibition by the compounds according 
to the invention is thus a central indicator for the suppression of inflammatory processes. 



Method for measuring inhibition of PPE4 activity 

PDE4 activity was determined as described by Thompson et al. (Adv Cyd Nucl Res 10: 69-92, 1979) 
with some modifications (Bauer and Schwabe, Naunyn-Schmiedeberg's Arch Pharmacol 311: 193-196, 
19B0). At a final assay volume of 200 pi (96well microtiter plates) the assay mixture contained 20 mM 
Tris (pH 7.4), 5 mM MgCI* 0.5 pM cAMP, fH]cAMP (about 30,000 cpm/assay), the test compound and 
an aliquot of oytosol from human neutrophils which mainly contains PDE4 activity as described by 
Schudt et al. (Naunyn-Schmiedeberg's Arch Pharmacol 344: 682-690, 1991); the PDE3-speclfic Inhibi- 
tor Motapizone (1 pM) was included to suppress PDE3 activity originating from contaminating platelets. 
Serial dilutions of the compounds were prepared In OMSO and further diluted 1 :100 (v/v) in the assays 
to obtain the desired final concentrations of the inhibitors at a DMSO concentration of 1 % (v/v) which by 
itself only slightly affected PDE4 activity. 

After preincubation for 5 min at 37°C f the reaction was started by the addition of substrate (cAMP) and 
the assays were incubated for further 15 min at 37°C 50 pi of 0.2 N HCI was added to stop the reaction 
and the assays were left on Ice for about 10 min. Following incubation with 25 pg 5*-nucleotidase (Crota- 
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lus atrox snake venom) for 1 0 min at 37°C. the assays were loaded on QAE Sephadex^-25 (1. ml bed 
• volume). The columns were eiuted with 2 ml of 30 mM ammonium formlate (p'H 6.0) and the eluate was 
counted for radioactivity. Results were corrected for blank values (measured in the presence of dena- 
tured protein) which were below 5 % of total radioactivity. The amount of cyclic nucleotides hydrolyzed 
did not exceed 30 % of the original substrate concentration, the ICsq -values for the compounds accord- 
ing to the invention for the Inhibition of the PDE4 activity were determined from the concentration- 
inhibition ciiFves by nonlinear-regression. 

* * * * 

. The Inhibitory values determined for the compounds according to the invention fcrtiow from the following 
table A, hi which the numbers of the compounds correspond to the numbers of the examples. 

Table A 



Inhibition of the PPE4 activity 



Compound 


-log ICso 


5 


7.09 


6 


7.26 


7 


8.98 


0 


9.21 


9 


7.13 


10 


8.71 


11 


9.11 


12 


8.25 


13 


8.12 
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Patent Claims 



1. 



Compounds of the formula I, 




R31 



R7 



(n which 

R1 is hydroxyl, 1-4C-alkoxy, 3-7G-cycloalkoxy, 3-7C-cycloalkylmethoxy or completely or predomi- 
nantly fluorine-subsUtuted 1-4C-alkoxy, 

R2 is hydroxyl, 1 -4C-alkoxy, 3-7C-cycloalkoxy f 3-7C-cycioalkyImethoxy or completely or predomi- 
nantly fluorine-substituted 1-40-alkoxy, 

or In which 

R1 and R2 together are a 1 -2C-alkylenedioxy group, 
R3 Is hydrogen or 1-4C-alkyl, 
R31 Is hydrogen or 1-4C-alkyl, 

R4 is hydrogen, 1-4G-alkyI, completely or predominantly fluorine-substituted 1-4C-alkyl, 1-4C-alkoxy- 



R6 is hydrogen or 1-4C-alkyl, 

R6 fs hydrogen, 1-40-alkyl, trifluoromethyl, 1-4C-alkoxy t completely or predominantly fluorine-sub- 
stituted l-4C-alkoxy, 3-7C-cycioalkoxy, 3-7C-cycloalkylmethoxy f halogen, nitro. cyano, hydroxyl, 
1-4C-aJkylcarbonyloxy, amino, mono- or dl-1-4C-alkylamino, phenyl, phenyM-4C-alkyl, 1-4C-aIk- 
yloarbonylamlno or C(0)OR61 , wherein 

R61 Is hydrogen, 1-7C-a!kyl, 3-7C-cycloalkyl or 3-7C-cycloa!kylmethyl, 

R7 is hydrogen, 1-4C-alkyl. hydroxyl, halogen, 1-40-alkoxy, completely or predominantly fluorine- 
substituted 1 -4C-alkoxy, 3-7C-cycloalkoxy, 3-7C-cycloalkylmethoxy or C(0)0R61 , 
and the salts, the N-oxldes and the salts of the N-oxides of these compounds. 

2. Compounds of the formula I as claimed In claim 1 , In which 
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nYie-substituted 1-2C-aIkoxy, 

R2 is 1 -2C-aikoxy, 3-SC-cydoalkbxy. 3^C«cycloalkyimeihoxy or completely or predominantly fluo- 
rine-substituted i-2C7aIkoxy, 

R3 is hydrogen. 

R31 Is hydrogen, % , 

R4 Is hydrogen, 1-40-alkyl, completely or predominantly fluorine-substituted 1-2C-aIkyi, 1-2C-alkoxy- 

1-20-alkyl, 2-hydroxyethyI or 1-7C-alkyIcarbonyl, 
R5 is hydrogen, 

R6 is hydrogen. 1-4C-alkyI f 1-4C-alkoxy, completely or predominantly fluorine-subatltuted 

1-2C-aIkbxy, 3-7C-cycloaIkoxy, 3-7C-cycloalkylmethoxy, halogen, nltro, amino, .mono- or dM-4C- 
alkylamino, I^C-alkylcarbonylamino or C(0)OR61 , wherein 

R61 Is hydrogen, 1 -4C-aIkyl, 3-5C-cycloalkyl or 3-5C-cydoalkylmethyl, 

R7 Is hydrogen. 1-4C-alky1. halogen. 1-4C-alkoxy. completely or predominantly fluorine-substituted 

1-2C-alkoxy, 3-7C-cycloalkoxy or 3-7C-cycloalkyImethoxy, 
end the salts, the N-oxides and the salts of the N-oxides of these compounds. 

3. Compounds of the formula I as claimed In claim 1 , in which 
R1 is 1-2C-alkoxy, 

R2 is 1-2C-aIkoxy, 
R3 is hydrogen, 
R31 is hydrogen, 

R4 Is hydrogen or 1 -4C-alkylcarbonyl, 
R5 is hydrogen, 

R6 is 1 -4C-alkoxy, 3-7C-cyc|oalkylmethoxy, nltro, mono- or di-1-4C-alkylamino or C(0)QR61 , 
wherein 

R61 is hydrogen or 1 -4C-alkyl, 

. R7 is hydrogen, 1 -4C-alkoxy or 3-7C-cyoIoalKylmethoxy, 
and the salts, the N-oxides and the salts of the N-oxides of these compounds. 

4. Compounds of the formula I as claimed in claim 1 , In which 
R1 is methoxy, 

R2 is methoxy, 

R3 is hydrogen, 

R31 is hydrogen, 

R4 is hydrogen or acetyl, 

R5 is hydrogen, 
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ft6 is methoxy, cyclopropylmethoxy, nftro, dlmethylamino or C(0)OR61 , wherein 

RQ1 is hydrogen or methyl, 

R7 Is hydrogen, methoxy or cyclopropyfmethoxy, 

and the. salts, the N-oxldes and the salts of the N-oxfdes of these compounds. 

5. Compounds of the formula I according to either claim 1 , 2 f 3 or 4. in which the hydrogen atoms In 
positions 4a and 1 0b are In the cis position relative to one another, and the salts, the N-oxldes and the 
salts of the N-oxldes of these compounds. 

6. Compounds of the formula I according to any of claims 1. 2, 3 or 4, which have with respect to 
the positions 4a and 1 0b the configuration shown In formula I*: 




and the salts, the N-oxldes and the salts of the N-oxides of these compounds. 

7. Compounds of the formula I according to any of claims 1 , 2, 3 or 4, which have with respect to 
the positions 2, 4a and 10b the configuration shown either in formula I**, I*** or I****: 




and~the salts, the N-oxides and the salts of the N-oxides of these compounds. 
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* • « 8. Compounds of the formula I according to any of claims 1 , 2, 3 or 4, which have with respect to 
the posltlons*2 f 4a and 10b me configuration shown in formula 



0 




and the salts, me N-oxides and the salts of the N-oxldes of these compounds. 

9. Compounds of the formula l as claimed in claim 1 for use in the treatment of diseases. ■ 

10. A pharmaceutical composition comprising one or more compounds of the formula I as claimed in 
claim 1 together with customary pharmaceutical exclpients and/or vehicles. 

1 1 • The use of compounds of the formula I as claimed in claim 1 for me production of pharmaceuti- 
cal compositions for treating respiratory disorders and/or dermatoses.. 

12. A method for treating Illnesses in a patient comprising administering to said patient a therapeuti- 
cally effective amount of a compound of the formula I as claimed in claim 1 . 

1 3. A method for treating airway disorders In a patient comprising administering to said patient a 
therapeutically effective amount of a compound of the formula I as claimed in claim 1 . 
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Abstract 

Compounds of a certain formula I, In which R1, R2, R3, R31 , R4, R5. R6 and R7 have the meanings 
indicated in the desriptlon, are novel effective PDE4 inhibitors. 
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